EP 0 288 233 A2

Europdisches Patentamt
0 European Patent Office

Office européen des brevets

® EUROPEAN

@) Appiication number: 88303489.4

@ Date of filing: 18.04.88

CROS IS S AR s - .

@ Publication number: 0 288 233
A2

PATENT APPLICATION

@ int. 1.4 HO1L 21/00

@) Priority: 20.04.87 US 40974

Date of publication of application:
26.10.88 Bulletin 88/43

Designated Contracting States:
ATBECHDEES FRGB GRIT LI LU NL SE

@) Applicant: APPLIED MATERIALS, INC.
3050 Bowers Avenue
Santa Clara California 956051(US)

@ Inventor: Cheng, David
974 Sherman Oaks Drive
San Jose California 95218(US)
Inventor: Zhang, Wesley W.
11 Mills Canyon Court
Burlingama California 94010(US)

Representative: Bayliss, Geoffrey Cyril et al
BOULT, WADE & TENNANT 27 Furnival Street
London EC4A 1PQ(GB)

@ System and method for detecting the center of an integrated circuit wafer.

@ A system and method for determining the

precise location of a moving object such as a semiconductor

wafer (15) relative to a destination position, using an array of optical sensors (61-83) positioned along an axis
generally transverse to the path of movement of the wafer. The sensor trigger points along the path of
movement are used by a system computer (25) to calculate the center position of the wafer relative to the

destination position.
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SYSTEM AND METHOD FOR DETECTING THE CENTER OF AN INTEGRATED CIRCUIT WAFER

The present invention relates to apparatus and methods for precisely detecting the position of a moving
object carried by a robot as an aid to the precise transfer of that object and. in particular, to apparatus and
methods for precisely determining the position of a moving integrated circuit wafer on a robot arm reiative
to a storage elevator. )

FIGS. 1 and 2 depict a multiple chamber wafer fabrication system 10, which is described in greater
detail in the Detailed Description. In system 10, wafers 15 are transported on blade 31 of robot 30 between
an external cassette elevator 18 and an internal loadlock storage elevator 19, between the internal elevator
19 and one or more (preferably a multiplicity of) processing chambers 12, and between the chambers. This
system ‘is compact and presents precise folerance requirements, for example, for loading the internal
loadlock storage cassette 19 from the external elevator 18. As a consequence of the tight tolerances and
the resulting need to precisely insert each wafer 15 into the internal loadlock storage cassette 18, the
position of each wafer must be precisely determined relative to the robot blade 31 after the wafer is
unloaded from the external cassette elevator 18. This determination is complicated by the movement of the
wafer 15 and, specifically, by the operational preference for determining the position of the wafer without
interrupting movement of the robot and wafer.

The present invention actually takes advantage of the movement of the wafer in obtaining the necessary
position information and, thus, provides the required very precise position information without stopping
movement of the robot.

In one aspect, the present invention comprises a system for detecting the locus relative to a selected
point of an object having leading and trailing edges, such as a semiconductor wafer, positioned on a moving
support, and for moving the support and object to the selected point. The system comprises an array of
sensors arranged generally traverse to the path of movement of the object for being selectively triggered by
the movement of the leading and trailing edges thereof to generate associated output signals; means
responsive to the output signals for determining the location of the wafer relative to the selected points; and

-means responsive to the relative location of the object for moving the support and the object positioned

thereon to the selected point.

In the presently preferred embodiment, the object is a generally circular semiconductor wafer, the
position determining means is a processor or computer adapted for calculating the center of said wafer; and
the sensor array comprises three sensors.

Also, the support means may comprise a robot support arm for the wafer and a dual four-bar link
mechanism operatively connected to and supporting the robot support arm; and the responsive moving
means may comprise a rotatable shaft connected to a selected drive arm of the four-bar link mechanism for
reciprocally pivoting the drive arm to extend and refract the robot support arm along the path of movement.

In another aspect, the present invention is directed to a method for detecting the locus relative to a
selected point of an object having leading and trailing edges, such as a semiconductor wafer, positioned on
a moving support, and for moving the support and object to the selected point, comprising: providing a
plurality of sensors arranged generally transverse to the path of movement; moving the object along the
path to cause leading and trailing of the object to selectively trigger the sensors, to thereby generate
associated output signals; responsive to the output signals, calculating the location of the object relative to
the selected point; and responsive to the calculation of said relative location. moving the object to the
selected point.

Preferably, the step of calculating the center of the wafer comprises, first. determining the center of the
wafer along a coordinate axis defined generally parallelto the path of movement and, second, using the first
center coordinate to determine the center of the wafer along a second coordinate axis.

The above and other aspects of the present invention are described with respect to the drawings in
which:

FIGS. 1 and 2, are respectively, a top plan view and a vertical sectional view of an integrated circuit
processing system which incorporates our wafer centerfinder system;

FIG. 3 schematicaily depicts an embodiment of the optical wafer detection, wafer center determina-
tion, motor control system of the present invention; '

FIG. 4 schematically depicts the seven coordinate positions used for determining the position of the
wafer relative to a selected position such as a storage elevator, the seven trigger points on the robot blade
and wafer and their corresponding positions along the axis of blade and wafer movement;
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FIG. 5 is an enlarged view, similar a top plan view, illustrating the coordinate system used in the
centerfinder computation and the relationship of the coordinate system to the robot blade, the wafer and the
sensor array;

FIG. 6 depicts the relationship of the seven trigger points to the senscr array and coordinate system:

FIG. 7 schematically depicts a wafer having trailing edge flat which coincides with the center sensor;

FIGS. 8, 9 and 10 schematically depict the geometric relationships used to determine the wafer
center point when a wafer flat coincides with the left, right or middle sensor, respectively. '

FIG. 11 schematically depicts a geometric relationship used for applying the least squares approxi-
mation approach; :

FIG. 12 depicts the non-orthogonal coordinate system which applies when the robot arm moves at an
angle 4 to the axis of the sensor; and

FIGS. 13 and 14 depict, respectively, the coordinate axes rotation and resulting coordinate definition
of the trigger points.

1. Overview of Wafer Handling and Processing System

FIGS. 1 and 2 are, respectively, a top pian view and a vertical sectional view of an integrated circuit
processing system 10 of the type which benefits from the use of our wafer center-finder system. The
multipie chamber processing system 10 is described in detail in our EP-A-87311194.2 entitled MULTI-
CHAMBER INTEGRATED PROCESS SYSTEM, filed December 8, 1987, which application is hereby
incorporated by reference in its entirety. :

Referring to FIGS. 1 and 2, iilustratively, the multiple chamber system 10 comprises an enclosed,
generally polygonal-shaped vacuum loadlock chamber 11 which mounts the four discrete, single-wafer,
vacuum processing chambers 12 on associated [oadlock chamber walls 13 for processing the wafers 15,
which are initially contained in standard plastic cassettes 18 and 17. These cassettes are positioned on the
external cassette elevator 18 which is positioned adjacent the fifth, front chamber wall 14.

As indicated by arrows 20 (FIG. 1) and 21 (FIG. 2), the external cassetlte slevator 18 is indexable,
horizontally and verticaily. Internal storage elevator 19 is vertically indexable along path 23. For example,
computer-controlled, stepper motor-driven lead screw drive systems may be used to position the elevators
for loading unprocessed wafers into storage elevator 19 in the loadlock chamber 11, and retuming
processed wafers, for off-loading the internal elevator 19 into the chambers 12 and for returning wafers to
the internal elevator. FIG. 2 depicts exemplary indexing vertical motion drive systems: stepper motor 26-
driven lead screw drive 27 for reciprocally indexing the external elevator 18 and stepper motor 28-driven
lead screw drive 29 for reciprocally indexing the internal storage elevator 19. The motors preferably are
controlled by a microcomputer 25 such as the IBM Personal Computer.

The robot 30 is used to transfer wafers between the external atmospheric pressure elevator 18 and the
internal storage elevator 19, as well as between the internai elevator 19 and the processing chambers 12.
The robot 30 comprises a wafer fransfer blade 31 which is mounted for reversible linear transiation
indicated by arrow 32 (R movement) and reversible rotation indicated by arrow 33 (8) movement. See FIG.
1.

Spacifically, the robot 30 comprises a four-bar link mechanism 34 which mounts the end effector/blade
31 at link ends 36 and 37. Opposite link ends 39 and 41 of the mechanism 26 are mounted to platform 38.
A concentric shaft drive mechanism effects R and movement 6. That is, drive link 42 of the dual four-bar
fink mechanism 34 is connected at end 41 thereof to one rotatable drive shaft 43 (FIG. 2), rotation of which
causes the four-bar link mechanism 34 to extend and retract the blade 31 along the R path 32. A second
concentric rotatable shaft 44 mounts and rotates the platform 38 and so imparts reversibie 8 movement to
the blade 31 along path 33. Computer 25-controlled, motor 51-driven cable and drum drive system 52
rotates ¢ shaft 44, while motor 53-driven cable and drum drive 54 rotates R shaft 43. Quite obviously,
selected combinations of R and § movement permit extending the blade 31 into the cassette 18 for loading
and unloading wafers there, extending the blade into internal cassette elevator 19 for unloading and loading
wafers there, and pivotal orientation at and extension of the blade into a selected chamber or chambers 12
for loading and off-loading wafers at the single wafer horizontal support position fllustrated in phantom in
each of the chambers.

After wafers 15 are loaded onto the internal storage elevator 19 from the external elevator 18, the
loadlock chamber slit vaive 46 is closed over entrance slit 47 and single or multiple step processing can be
applied to the wafers 15-15 in the chambers 12 without breaking vacuum. Alternatively, additional wafers
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can be loaded into the elevator 19 while others are being processed in the chambers 12, and the loadlock
chamber 11 returned to vacuum for unloading and reloading the chambers 12.

A slit valve 46 is pivotally mounted at each of the slits 47 as indicated by arrow 50, FIG. 2, for closing
the associated slit to vacuum isolate the associated chamber(s) and for opening the slit to permit wafer
transfer. In a presently preferred embodiment, the slit valves are opened and are ciosed by an air cylinder-
operated cam system under control of computer 25. This slit valve system is disclosed in co-pending,
commonly assigned, U.S. patent application Serial No. 040,287 (file A-45348/PAD), entitled VACUUM
CHAMBER SLIT VALVE, filed on the same date as the present application, in the name of Masato Toshima,
which application is hereby incorporated by reference in its entirety.

2. Bases for Requirement of Precise Wafer Handling

Referring further to FIGS. 1 and 2, as described above, the versatile, compact system 10 has very
precise wafer handling and positioning requirements. The end of the robot transfer blade 31 incorporates
vacuum orifices 48-48 (FIG. 1) which permit the blade 31 to be used as a vacuum pick for off-loading
wafers 15 from the cassette 18 into the internal storage elevator and vice versa. Preferably, a pocket 48 in
the blade 31 holds wafers 15 during transfer between the internal elevator 19 and the chambers 1 2 and
hetween the chambers. However, the individual wafers 15-15 are not positioned precisely the same within
the respective cassettes 16 and 17 and are not positioned identically on the blade 31. Thus, after the wafer
15 has been off-loaded from a cassette 16 or 17, the precise location of the wafer 15 on the blade 31 must
be provided to the controlling computer 25. Only if this is done can computer 25 adjust to the variable
position of each wafer 15 and deposit the wafer precisely in position within the storage elevator 19.

3. Optical Wafer Scanning System

Referring further to FIGS. 1 and 2 and, in particular, to FIG. 3, optical sensing system 60 provides wafer
position data {the center coordinate of the wafer) which enables the robot 30 to precisely position the wafer
15 in the internal storage cassette 19. This system 60 comprises three optical sensors 61-63 mounted
beneath the loadlock front entrance slit 47 along a line perpendicular to the path 32 of the robot blade 31
and three optical emitters 64-66 positioned above the front entrance slit 47 aligned with the associated
sensors so that the sensors intercept the light beams 67-69 from the associated emitters. Typically, each
optical pair comprises a conventional infrared emitter and sensor.

Referring further to FIG. 3, the output from the sensors 61-63 is converted by associated analog-to-
digital converters 71-73 into digital 0/1 signals. These signals are applied as input to the system computer
25 for use in computing the center coordinate of the wafer 15 as it enters the loadlock chamber 11, and
controlling the operation of the R and @ drive motors, as well as the other drive motors, via appropriate
conventional position feedback sensors, etc., as required and desired to enable the required precise
positioning operations of the robot 30, i.e., positioning by the robot 30 of the wafer 15 at the internal
cassette elevator 19. Details of the sensing and motor control circuitry are conventional and will be readily
tailored by those of usual skill in the art to a particular system. Thus, such details are not discussed in
depth here.

4. Definition of Coordinate System and Wafer Data Points

As shown in FIG. 5, an x.y coordinate system is conveniently defined by the optical sensors and robot
path 32. The origin (0,0) of the xy coordinate system is defined by the position of the center sensor 62. The
x axis is the path of the robot arm/blade 31; the y axis is the center line of the three sensors. Because of
the non-linear relationship between motor steps and blade position. preferably a look-up table is provided in
the computer memory to provide the x coordinate associated with each step.

Referring to FIGS. 4, 5 and 6, seven coordinate points are used for the wafer center coordinate
calculation: a robot blade reference position and six wafer positions. These seven positions are defined as
the blade 31 is withdrawn from the external elevator 18 parallel to the x axis, thereby moving the blade 31
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and wafer 15 through the light beams 67-69 and sequentiaily blocking/unblocking the sensors 61-83. These
seven coordinate positions are arbitrarily designated xs through xz in FIGS. 4 and 6.

Referring to FIGS. 3-8, the first coordinate, x1, is determined by the leading edge of wafer blade slot 74
(FIG. 5). That is, sensor 62 is unblocked and a resulting "1" signal is applied to the computer 25, as the
leading edge of siot 74 traverses the sensor position. Upon continued movement of the blade 31 along the
x axis toward and into the loadlock chamber 11, the sensors 62, 81 and 63 are sequentially blocked by the
leading edge of the moving wafer 31, changing the associated input signal to the computer 25 from "1" to
"1" to provide the motor's associated extension position for storage in computer memory as respective
positions x2, xs and x+. Conversely, as the wafer 15 completes its traverse of the sensor positions, the
sensors 61, 82 and 63 are sequentially unblocked and the motor's extension position associated with the
resulting change of the input signal from "1" to "1" is recorded in computer memory as posiions xs. Xs
and xy, respectively.

it should be noted that the sequence may not and need not be precisely as indicated. That is, for
example, xs may be located closer to xy along the x direction than is xs (for example, because a wafer flat
is located at x3 or simply because of variations in the position of the wafer on the blade 31), with the result
that x4 is detected prior to x3. Similarly, x7 may be closer 10 x: than is xs (again, because of the orientation
of the wafer or because a wafer flat coincides with and determines the position x7).

The x1 -x7 positions which are represented by associated stepper motor steps, are converted by the
computer 25 from motor extension steps to x coordinates.

After the preliminary steps of determining the motor extension positions x1 through x7, and converting
the position to x coordinates, the six wafer x coordinates xz-x7 are used in the algorithms described below
to determine the center coordinate of the wafer and to verify the results. The x1 coordinate associated with

the robot arm blade is used for the purpose of setting up the origin of the coordinate system (intersection of :

x and y axes).

It should be noted that the distance between the sensors is selected so that ordinarily it is not possible
for one wafer flat to trigger two sensors. Thus, when the size of the wafers processed in the system 10 is
changed it may be necessary to position the sensors farther apart to accommodate a larger wafer without
one flat triggering two sensors. Alternatively, when the wafer size is decreased, it may be necessary to
position the sensors closer together so that all sensors are activated by the smaller wafer.

5. Determination of Wafer Center Using Moving Blade Coordinates

The following discussion regarding calculating the center position of the wafer 15 on blade 31 describes
the presently preferred approaches and, where applicable, alternatives. Ease of computation and accuracy
are the primary, but conflicting requirements here. Basically, the x coordinate (x;} of the wafer's center is
determined by approximation, and is used in computing the corresponding y center coordinate (y.). '

(2) Determination of x Coordinate

Referring to FIG. 6, the individual midpoints Ms, Mz and M defined by the respective pairs of data
points xs and xs, x2 and xg, and x« and x7 can be used to approximate the x coordinate of the center point
of the wafer 15. That is, the center point is approximated by:

M {x3 + xs)2o0r (1)
Mz (X2 +xg)/2 Or 2)
Mz = (xa + x7)/2. (3)

However, from experience we have discovered that these individual midpoints typically vary by smail
values. Because the x midpoint coordinate is used to compute the y coordinate, the x coordinate should be

as accurate as possible to reduce error in the computed y coordinate. Preferably, then, the midpoint is

computed as the average of all three midpoints:

Mi2a = (Mh + Mz + M3)3
= (X2 + X3 + Xe + X5 + x5 + X7)/6. (4)
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Where one of the six data points x2 = x; coincides with a flat, the associated data point or the
associated two data points are not used in the x midpoint coordinate computation. However, the remaining
four or five data points provide sufficiently accurate approximation of the Xc. For example, FIG. 7 illustrates
the situation in which the middle trailing data point xs coincides with (is defined by) the wafer flat 76. In the
event the computer is unable to determine which data point is triggered by the flat, both are disregarded.
Thus. in this case, x2 and xe associated with Mz would not be used. Instead the four data points associated
with M+ and M3 are used to provide the computed x midpoint coordinate:

M1‘3 = (M1 + Ms)/2
= (X3 + Xa + Xs + x7)/4. (5)

Alternatively, where the two data points are distinguishable, the "good" point is used. Thus, in our
example, the leading edge data point xz is included in the calculation to provide a five data point average:

Miz = (X2 + X3 + Xe + X5 + X7)/5 (6)

(b) Determination of y Center Coordinate from R

Next, it is desirable to compute the y coordinate of the wafer midpoint using a fast, yet accurate
computational scheme. There are several ways to compute y; which satisfy the dual requirements of speed
and accuracy.

One approach is to calculate the radius R of the wafer 15 and use calculated R to compute ye.

One approach for preliminarily determining R involves simply computing the average of the two trigger
points x2 and xs of the middle sensor 62

R= Mz = (X2 + Xg)2. (7)

Referring to FIG. 7, equation (6) can be used if a flat such as 76 is positioned at the left or right side of
the wafer 15 but not if the wafer flat coincides with either of the two middle trigger points xz and xs. This
approach is very simple and fast but may provide less accuracy than is desired in determining R and,
subsequently, ye.

A second approach for preliminarily determing R provides a more theoretically accurate value of R, but
involves somewhat more calculation complexity and computer time. However, the increased complexity is
not a particular hindrance for the fast processors and computers which are available today. Because of the
increased accuracy, this second approach is preferred. Referring to FIG. 8, this alternative approach to R is
based upon the geometric construction of right triangles having a hypotenuse of length R and bases
coincident with the y axis. This approach is applicable if a wafer flat 76 coincides with one of the center
trigger points, but not if the flat coincides with an outer trigger point. Application of Pythagorean theorem to
the two right triangles shown in FIG. 8 provides: ’

R2 = (yo-y1)2 + (x2 -xs)¥4  (8)
R2 = (yo-ya)? + (xe -x7)%4.  (9)

Solving equations (8) and (9) simultaneously provides:
R2 = ([(y+-y3)? +(D: 2.+ D32)2]-D+ D324 4y -y3)2, (10)
where D1 = %2 =Xs
and D3 = X -x7.

Solution equation (10) contains no approximation except some truncation error at the end if floating
point decimals are used. when converting from floating point to integers.

The y coordinate y. of the wafer midpoint is then obtained by substituting the value of R obtained from
one of the above methods --preferably- from equation (10) --into either equation (8) or (9).

Alternatively, and referring to FIGS. 9 and 10, when the wafer flat coincides with one of the right side
trigger points associated with M3 (FIG. 9) or with one of the left side trigger points associated with M+ (FIG.
10) equations (7) and (8) can be used to compute R.
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(c) Direct Computation of y Coordinate Midpoint, y

The presently preferred approach for computing y. is also based upon the geometrical relationships
depicted in FIGS. 8-10, but bypasses the intermediate computation of R by solving the associated
Pythagorean equations for y.. Again, three sets of equations are derived depending upon whether the left,
middle or right sensor detects a flat (if no flat is detected, any of these sets of equations can be used to
find yc). In each case, the two equations are solved simultaneously for ye.

(1) Wafer Flat Detected by Middle Sensor

If a wafer flat is detected by the middle sensor 62, the associated data trigger points for that sensor are

discarded and y. is computed simply by subtracting equation (9) from (8):

((x,-%5) /2) 24y, 2= ((x,=x,) /2) 2=y, (11)

yc = L]
2 (yl-Y3)

(2) Wafer Flat Detected by Right Sensor

Referring to FIG. 9, when the right sensor 63 triggers on a flat, the two data points for M3 are discarded
and the left and middle data points associated with M: and M., respectively, are used to derive the
following equations:

R? = (Di/2R + (y1 -yo*  (12)
R2 = (D220 + (yo2  (19)
where D1 = X2 X5
and Dz = X3-Xs .

Solving these two equations simultaneously provides:

y, 2+ (0;/2)% - (p,/2)2

2y1

Yo = : (14)

(3) Wafer Flat Detected by Left Sensor

Referring to FIG. 10, when the wafer fiat is detected by the left sensor 61, the data points associated
with the middle and right sensors, Mz and Ma, respectively, provide the following two equations:

R? = (Da/2p + (ys -yc2  (19)
R? = (D272 + (yo)?. (16)

Solving these two equatiohs simultaneously provides:

i e
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2 2 2
¥4 ot (D3/2) - (D2/2) (17)

YC = [ ]
2y3

As mentioned, if no fiat is detected any one of the above three approaches can be used to compute Y.
directly.

This direct method is preferred for it eliminates the intermediate computation of radius, R, and
consequently eliminates the error associated with computing the radius. Also, the computation is shorter
and faster.

6. Comparison o Least-Squares Approximation

The speed and accuracy of the above approach for determining X, then calculating y, directly from x¢
is perhaps best evidenced by way of comparison to other, rigorous approaches such as the least-squares
approximation. Referring to FIG. 11, the center of the wafer is Xe.Yc). For each of the six detected points or
positions x; (i = 2-7), there is an associated distance D; from xy;) to the center:

Di = sqrt (6 xc? + (Vi-ye®).  (18)
Assuming a perfect radius, R, the error between D; and R is:
E = D;-R. (19)

Using the least-squares method, equation (18) can be solved from:
SUM E2 = SUM (D; -R)? (20}
where SUM stands for the summation notation, and i = 2, ... ,7.

By taking partial derivatives with respect to x., y. and R, and equating the derivatives to zero, one
obtains three nonlinear equations. Since there are square root expressions in each equations, there is no
direct method to find the solution. However, numerical iteration can be used for finding the root.

Surprisingly, we have found that the above-discussed preferred method of calculating (x..yc) provides

very accurate answers, with the resuit that there is no need to use least squares or other time consuming
andvor iterative techniques.

7. Rotation of Coordinate Axis

The above computational approaches apply when the robot arm 31 moves in a straight line perpendicu-
lar to the line connecting the sensors, i.e., to the y axis. When the robot arm 31 does not move
perpendicular to the sensors' axis, but at an angle 6, the non-orthogonal coordinate system of FIG. 12
applies. While there are a number of ways to compute the wafer center for this situation, a convenient. easy
approach is to assume the coordinate axes are still orthogonal and rotate both axes by 4. so that the y axis
coincides with the middle sensor's trace. as in FIG. 13.

After the rotation, the coordinate of sach point is changed. Referring to FIG. 14, this rotation is slightly
different from the standard rotation where one knows the coordinate of the points in the old coordinaie
system. Here, as indicated by the fabels "old x" and "old y", the known value of each point is not the
coordinate of that point. Thus. initially one lets y, = old y, yn = new y; and x, = old x, X, = new x.

From the new diagram, one obtains:
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Xn = Xo * Yo SiNG (21)
Yn = Yo COSE , (22)
or

X 1 sin®@ X

Yg : 0 coso Yo

If ¢ is zero, there is no rotation.
Since ¢ is very small in practice, we can simplify it by

pq 1 ] X
n o
= (24
¥y 0 1 Yo
To reverse the computation, we compute
xo' 1 sin® X,
- . (25)
Yo 0 coso Yo
1 -tano p 4
n
(26)
0 seco® Yn
In small angle approximation

xo 1 - =0 xn
= (27)
Yo 0 1 Yo -

8. Sample Data and Analysis

Input data comes in several forms. As shown in Table 1, in most situations, the data is input to

computer 25 as seven data pairs. As discussed previously, the signal is the current status of the sensors.
Each bit represents a sensor. If the bit is 1, the corresponding sensor is blocked by the wafer; otherwise, it
is not blocked. If a bit changes from 0 to 1, the leading edge of the wafer is detected. A bit stays at 1 until it
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is unblocked by the wafer (the signal changes from 1 to 0). The middle sensor 62 is blocked for the longest
length. In Table 1, each number to the left of the signal is the number of steps the motor has moved at
each triggering state of the sensors. The numbers decrease in magnitude because, as the robot brings in
the wafer, it is retracting arm 31, so the amount of extension is actuaily decreasing. Among the seven data
pairs of Table I. the first data is not triggered on the wafer, but on the blade of the robot arm. This point is
the origin of our two coordinate space coordinate system, as mentioned previously, and the remaining data
are used to compute the center of the wafer. With the signals, the computer 25 can identify the data
triggered by the same sensor. It simply looks at bit column under the signal, as bit goes from 0 to 1 and
from 1 to 0, and records this information which is needed to apply the Center Finder algorithms.

Six or seven entries are the most common type of input. it is very rare but not impossible that two
sensors will trigger on a wafer in the same time. Table 2 illustrates this rare occurrence. Here, the two side
sensors were unblocked (but not blocked) at the same time. Since this is a good set of input data, the
computer does not reject it. There are several ways to handle this data. One can build more complicated
algorithms or computation routines to process variable lengths of input, or one can adjust the data at the
input checking stage so that length is not a concern. For simplicity, we chose the second method. For
example, using the leading edge triggering of the wafer, a symmetric pattern is created, and the data for the
two sensors triggering at the same time are duplicated. This is possible because the signals are not
involved in the computation; they only help to identify the data. Table 3 is the result of this adjustment of
Table 2. The computational results are equally as good as the data of Table 1. .

Table 4 depicts data for the situation when two side sensors triggering simultaneously at both the
leading edge and trailing edge. In theory, this occurrence is possible when the sensors are perfectly aligned
and spaced. To handle it, one simply duplicates the data when the two sensors trigger at the same time
and adds a signal to it. Table 5 is the resulting modified form of Table 4. Another advantage in modifying
the input at this stage is that this set of data can be checked precisely like unmodified input data.

During the process of testing, the input data may exhibit some vibrations. For example. see the data of
Table 6. This is a mechanical problem which typically does not occur. However, if it does happen, the
software should be able to recognize the problem and compensate to extract the valid data from the input.
This recognition and compensation is provided as follows: if two consecutive signals repeat a few times, the
valid data is recovered by removing the subsequent data with repeated signals. Table 7 is the recovered *
case of Table 6.

10
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Table 1

Motor

Extension

3461
3462
3139
3066
1780
1761
1481

Signal

000
010
011
111
011
010
000

Table 3

Motor

Extension

3524
3457
3120
3075
1775
1775
1488

Signal

000
010
011
111
011
010
000

0 288 233

11

Table 2

Motor

Extension

3524
3457
3120
3075
1775
1488

Table 4

Motor

Extension

3503
3382
3003
1708
1419

Signal

000
010
011
111
010
000

Sighal

000
010
111
010
000
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Table 5 Table 6
Motor Signal Motor Signal
Extension Extension
3503 000 3536 000
3382 010 3476 010
3003 011 3131 011
3003 111 3095 111
1708 011 1794 110
1708 : 010 1781 010
1419 - - 000 . 1780 = 110
1779 010
1501 000
Table 7
3
Motor Signal
Extension
3506 000
3476 010
3131 011
3085 111
1794 110
1781 010
1501 000

9. Wafers with Two Flais

The following procedure provides the center position of a wafer which has two flats, one major and one
minor.

1. The minor flat is ignored, and the center and radius are computed using all points on the edge
except the major flat.

2. After calculating the radii and computing the average, the maximum difference between the
average and the distance from each point to the center are calculated. The point having the maximum
difference with the average is located on the minor flat. Since all four points are good points, the average is
weighted toward the good points.

3. Substitute the four remaining identified good points into the standard equatlon for a circle and
simultaneously solve this system of equations for the center.

12



10

20

25

30

35

40

50

55

0 288 233

Claims

1. A system for detecting the locus relative to a selected point of an object having leading and trailing
edges, such as a_semiconductor wafer, positioned on a support movable aiong a selected path, and for
moving the support and object to the selected point, comprising:

a sensor array comprising a plurality of sensors adapted for providing an output signal, said sensors
being mounted along an axis generally traverse to the path of movement of said object, said sensors being
triggered by the leading and trailing edges of the moving object for supplying output signals representing
the wafer position associated with the sensor trigger point;

means responsive to the output signals for calculating the location of the wafer relative to the selected
point; and

means responsive to the computed relative location of the object for moving the support and the object
positioned thereon to the selected point.

2. The system of Claim 1, whersein the object is a generally circular semiconductor wafer; the
calculating means is adapted for calculating the center of said wafer; and the sensor array comprises three
sensors for providing six wafer pasition points. -

3. The system of Claim 2, wherein

the object is a generally circular semiconductor wafer;

the calculating means is adapted for calculating the center of said wafer;

the sensor array comprises three sensors;

the movable support means comprises a robot arm adapted for supporting the wafer horizontally

thereon and having an orifice at a selected location a known distance from the selected point, the path of
movement of said orifice being coincident with one of said sensors for triggering said sensor to provide a
reference position for said wafer position points.

4. The system of Claim 2, wherein

the object is a generally circular semiconductor wafer;

the calculating means is adapted for calculating the center of said wafer;

the sensor array comprises three sensors;

the movable support means comprises (1) a robot arm adapted for supporting the wafer horizontally
thereon and having an orifice at a selected location a known distance from the selected point, the path of

movement of said orifice being coincident with one of said sensors for triggering said sensor to provide a

reference position for said wafer position points and (2) a dual four-bar link mechanism operatively
connected to the robot arm; and

said responsive moving means comprises a rotatable shaft connected to a selected drive arm of the

four-bar link mechanism for reciprocally pivoting the drive arm to extend and retract the robot support arm
along the path of movement, and means respensive to said location information for rotating said shaft.

5. The system of Claim 4, said responsive moving means further comprising a second rotatable shaft
mounting the dual four-bar link mechanism for rotation therewith; and means for rotating the second shaft.

8. A method for detecting the locus relative to a selected point of an object having leading and trailing
edges. such as a semiconductor wafer, positioned on a movable support, and for moving the support and
object along a preselected path to the selected point, comprising:

providing an array of sensors arranged along an axis generally transverse to the path of movement of
the object; '

moving the object along the path such that the leading and trailing edges thereof trigger the sensors to

13
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thereby generate associated output signals representing the wafer positions associated with the sensor
trigger points along the path of movement;

responsive to said output signals, calculating the location of said object relative to said reference
position and selected point; and

responsive to the calculation of said relative location, stopping movement of the object at said selected
point.

7. The method of Claim 6, further comprising providing an orifice on the support at a selected location a
known distance from the selected point, the path of movement of said orifice being coincident with one of
said sensors for triggering said sensor to provide a reference position for said wafer position points.

8. The method of Claim 7, the step of calculating the center of said wafer comprising, first, determining
the center of the wafer along a coordinate axis generally parallel to the path of movement and, secondly,
using the first center coordinate to determine the center of the wafer along a coordinate axis generally
perpendicular to the first axis.

9. A method for detecting the locus relative to a selected point of a semiconductor wafer having leading
and trailing edges, positioned on a movable support, and for moving the support and semiconductor wafer
along a preselected path to the selected point, comprising:

providing an array of three sensors arranged along an axis generally transverse to the path of
movement of said semiconductor wafer;

providing an orifice on the support at a selected location a known distance from the selected point, the
path of movement of said orifice being coincident with one of said sensors for triggering said sensor to
provide a reference position;

moving the wafer along the preselected path such that the leading and trailing edges thereof trigger the
sensors to thereby generate associated output signals representing the wafer positions associated with the
sensor trigger points along the path of movement relative to said reference position and said selected
point;and i

responsive to said output signals, calculating the center of the semiconductor wafer relative to the
selected point.

10. The method of Claim 9, the step of calculating the center of said wafer comprising, first,
determining the center of the wafer along a coordinate axis generally paralle! to the path of movement and,
secondly, using the first center coordinate to determine the center of the wafer along a coordinate axis
generally perpendicular to the first axis.

14
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